The hydrographic limit of the distribution of Nematoscelis megalops in the Northwestern Atlantic Ocean is usually marked by the abrupt changes in water properties across the Gulf Stream. There are, however, isolated but repeated occurrences of this species in the Sargasso Sea. In our study, individuals in the Sargasso Sea were expatriates from the Slope Water which had been transported to the collection site by Gulf Stream cold core rings with but two exceptions. The exceptional cases can be indirectly linked to the presence of rings.
Introduction
The Gulf Stream in the Western North Atlantic demarcates a sharp physical oceanographic boundary. This boundary region is narrow (30 to 60 nm) and is characterized in the upper 1000 m by strong currents (2 to 5 knots) and by large horizontal changes in temperature(~ 10°C) and salinity (1 to I½ %o). The region is also one of high biological contrast with many of the Slope Water 2 organisms to the north of the boundary being distinct from species to the south in the Sargasso . Individual rings are numbered in order of the sequence in which they were sampled. Numbers 5a, b and c correspond to the location of ring D at successive sampling times (see Figure 3 ). The X's which appear to be within the area of ring 5b are actually negative records associated with collections made in the Sargasso Sea when the ring was at location 5a.
the community", Fager, 1963, p. 427) to the Slope Water community and the Gulf Stream marks its usual hydrographic limit. In this paper we present data on the horizontal and vertical distribution of N. mega/ops in our survey area and complementary data on size frequency and sex ratios. In Part II (Boyd, Wiebe and Cox, 1978) , we present biochemical and physiological data on the nutritional condition of home range and expatriated populations of N. mega/ops. We seek to t On two tows in the Sargasso Sea the maximum depth reached was 600 m during the day and 400 m at night.
explain the failure of N. megalops to persist in cold core rings and to relate this understanding to the factor responsible for the maintenance of its hydrographic limits.
Methods
The samples were collected on ten cruises to the Northwestern Atlantic Ocean (Table 1) . On all cruises, an effort was made to sample to at least a depth of 750 m at each station. Collections were made with three types of net systems. A 1 m diameter ring net equipped with a flow meter was used on the early cruises either exclusively or as a supplement to 70 cm diameter opening/ closing Bongo nets (McGowan and Brown, 1966) . Generally three pairs of Bongo nets were towed simultaneously on the wire so as to sample the intervals 0-250 m, 250-500 m, and 500-7 50 m. On Chain 111, the Bongos were opened by messenger and closed by a preset flow meter triggered release; on Knorr 35, they were opened and closed by messengers with flow through each net monitored by a flow meter in the mouth of each net. Beginning on Atlantis 11 85, a new multiple opening/closing net and environmental sensing system (MOCNESS- Wiebe et al., 1976b) was used to gather depth specific collections. This is a nine net system in which the rectangular nets, each 1 m x 1.4 m at the mouth (effective area 1.0 m 2 ), are sequentially opened and closed upon command through conducting cable from the surface. The system also carries sensors to monitor temperature, depth, conductivity, flow through the net, and aspects of net function. Data from the sensors were transmitted to the surface (for viewing in real time) as well as processing by a HP 2100 shipboard computer. The hauls with MOCNESS reported here were generally to 800 m with eight 100 m strata sampled as the system fished obliquely from the bottom of the haul to the surface. (The first net was always fished while paying the wire out in order to maintain a uniform drag throughout the tow and to prevent kiting when sampling of the strata was begun.) On occasion, the strategy of sampling with MOCNESS was altered so that hydrographic features observed while shooting the net to depth could be bracketed by the samples on hauling in. The mesh used on all the nets was 0.333 mm Nitex gauze. Except for tows with MOCNESS designed to elucidate day-night variations in vertical distribution at a station, most tows were made at night. The samples were preserved in 5-10 % formalin buffered to a pH 8.0 with sodium borate.
Adult and adolescent N. megalops in the collections were generally sorted from the entire sample and counted. Occasionally when particularly large numbers occurred only an aliquot was counted. Also on early cruises, some samples were split immediately after collection and half used for biomass determinations by destructive techniques ( dry weight and carbon) . Thus only half of the sample was available for counting. Carapace lengths as measured along the midline from the anterior margin of the carapace behind the eye to the most posterior edge (Ruud, 1936) were determined for selected samples using either all individuals in a sample or a representative fraction.
In cases where stratified oblique hauls were made, the counts of N . megalops may be used either to show the vertical structure of the population, or they may be combined to form a composite tow for comparison with 1 m diameter net hauls. For this latter comparison, the catches for each stratum were standardized to numbers per 1000 m 8 and the average catch (per 1000 m 3 ) for the column was determined. Although we have not made a specific effort to intercalibrate the three nets, neither the total number of euphausiid species nor the total number of individuals caught by the nets showed an evident systematic bias.
Results
a. Horizontal distribution. The horizontal distribution of N. megalops in the Northwestern Atlantic (Fig. 1) is similar to that of other transition or arctic-boreal3 species in this region. In the Slope Water it frequently occurs in large numbers and in our samples it bas only been found south of the Gulf Stream in Gulf Stream cold core rings with but two exceptions. On Knorr cruise 38 (March 1974) , an oblique 1 m net tow was taken in what hydrographically appeared to be waters of the Northern Sargasso Sea. A single gravid female N. megalops was collected. However, this sample (Fig. 1, location A) was later found to have been taken in Figure 2 . Abundance of N. m ega /ops (#11000 m• in the upper 800 m) in cold core rings based on night collections only. The numbers above each data set correspond to the ring numbers given in Figure 1 .
the wake of a cold core ring, the center of which was located by an aircraft expendable bathythermograph survey of the region (conducted by the U.S. Naval Oceanographic Office-NA VOCEANO) 30 days after the sample collection. At the time of the aircraft survey the center of this ring was less than 80 nm to the southwest of the collection site and since rings generally travel to the southwest it is reasonable to suggest that this individual may have been left behind in the wake of the ring as it moved through the Sargasso Sea. On the second leg of Atlantis II 71 in October 1972, another single individual was collected in the Sargasso Sea (Fig. 1, location B) . No hydrographic data accompanied this tow, but, as in the first instance, a NAVOCEANO XBT survey of the region revealed a ring less than 60 run to the southwest of the sample site within 25 days of the collection. Again it is reasonable to suggest that this individual was left by the passage of the ring. On a few occasions, N. megalops was not present in collections from the Slope Water. These have all been in or in the vicinity of warm core rings.
We have now sampled five cold core rings of different ages (3 to ~17 months). Most repeated day or night tows in a given ring provide estimates of abundance which are consistent within a factor of 2 to 4 of each other (Fig. 2 ). An exception is a tow (1 of 4) taken on Atlantis II 7 1 which caught ten times more individuals than any of the others. This large difference is probably due to real variations within the ring core since this particular tow was taken at the ring center where the coldest 
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water temperatures were recorded. There is a general trend of decreasing abundance of N. mega/ops with increasing ring age culminating in the apparent absence of individuals in the 17 month old ring ( Fig. 2) . The four rings most responsible for the trend were only sampled once. In the one ring ( designated ring D by NAVOCEANO) sampled more than once, however, abundance did not decrease monotonically (this will be discussed in greater detail by Boyd, Wiebe and Cox (1978) . Difference in abundance levels between the two rings of 3 months of age are due, at least in part, to the season in which the rings were formed. There are large seasonal shifts in abundance of N. mega/ops in the Slope Water with largest numbers of individuals generally present in the late summer and early fall, and lowest numbers in midwinter and early spring. The 3 month old ring sampled on Knorr 35 was formed at the beginning of September during a time of high abundance in the Slope Water while the other ring sampled on Chain 111 was formed in late November when numbers in the Slope Water were substantially lower. We sampled ring D at approximately 6 and 9 months (Figs. 3 and 4). It was previously surveyed by physical oceanographers at three, four, and five months of age and it was subsequently sampled by them at approximately 17 months ( June, 197 6) . During this latter survey, a single but valuable oblique plankton tow was taken in the core of the ring (Fig. 3) . Thus, although the spacing in time for the sequence of biological samples from ring D is not optimal, they do constitute the first set of biological time series samples from a cold core ring. AUG. 1975 Journal of Marine Research NOV. 1975 10°w JUNE 1976 ' , _ _,-------,e:',,,
[36, 1 Since the ring was moving to the southwest at this time, these individuals were possibly in the process of being left behind in the wake region of the ring. If true, it lends credance to the suggestion that the individuals found in the Sargasso Sea on Knorr 38 and Atlantis II 71 were outcasts from a nearby ring. There were no N. megalops in the single night sample taken in the ring core on the third cruise to ring D (June 197 6) . Although this latter data is insufficient to make a definitive statement, we believe that the N. megalops population in ring D had completely died out at age 17 months (Fig. 2) . A comparison of paired day and night. tows in the Slope Water reveals that day catches are 1/ lOth to nearly 1/ lO0th of the night catches. This difference is usually attributed to differential day/ night avoidance of the nets. In ring D at 6 months, no individuals of N. megalops were taken (Fig. 5 , tow #11) in the single day haul to 800 m. There is nothing unusual about the placement of this tow with respect to the core of the ring (Fig. 4 ) and no reason other than avoidance appears a likely cause of the result. Smaller differences were evident between day and night hauls in ring D at 9 months although the night catches were still larger than the day catches. In spite of the differences in catch between day and night, the basic pattern of vertical distribution at each station remains relatively unchanged ( except in the case of ring D, tow # 11 ) . There is, therefore, no evidence for diel vertical migration in these collections of N . megalops. Except for tow #34 taken in the ring fringe, in the section which follows, we have used only data from the night collections to remove the possible bias due to differential day / night avoidance. megalops's nighttime vertical distribution pattern with the simultaneously obtained temperature and salinity profiles indicates that the downward shift of 300 to 400 m in ring D was an attempt by the population to maintain itself in a well-defined temperature and salinity regime ( Fig. 6 and Table 2 ). To make this comparison, we have calculated the cumulative percent of the population occurring to a particular depth in the same manner as Baker (1970) . It is evident from Figure 6 that while the entire population has a remarkably wide vertical extent (~ 600 m), the central 50% of the population (i.e., between the 25th and 75th percentiles) lives in a rather narrow depth zone, generally less than 200 m, both in ring D and in the Slope Water. The range of temperature and salinities experienced by the central 50% of the population in the Slope Water and ring D is also remarkably narrow (approximately 4°C and 0.5%0- Table 2 ). This portion of the Slope Water population both in August and November 1975 was collected from water with a midpoint temperature of between 9.5 and 9.9°C and a salinity between 35.21 %0 and 35 .26%0 . The same fraction of the ring D population of N. mega/ops at six months appears to have adopted a slightly higher temperature and salinity regime, but such a change is not evident in the ring D population at nine months. The variations in the temperatures and salinities between these eight sets of stratified oblique tows appear small relative to the large change in the depth distribution of the individuals as the ring decayed. Although data is presented in Boyd, Wiebe and Cox (1978) suggesting that the physiological condition of the population was deleteriously affected by environmental changes in the ring, our interpretation of these data is that individuals of N. mega/ops in ring D were actively adjusting their vertical distribution to stay within their preferred physical environment. It is noteworthy that in most of the vertical profiles the upper limit in vertical distribution of N. megalops coincides with the base of the seasonal thermocline. This thermocline deepens with ring age.
d. Size frequency and sex ratios of the Slope Water and ring populations. The effects of ring decay also appear evident in changes in the size frequency of the expatriated population relative to those observed in the home range population. N ematoscelis megalops carapace lengths in Figure 7 represent the pooled distributions of night collections (except MOC 34) made on Chain 125 and Knorr 53. Carapace lengths for both the summer and fall sets of Slope Water collections show a bimodal size distribution indicating a dual age class structure. We assume these modes represent separate generations and have therefore labeled them GI and GIL In ring D at 6 months, contracted GI and GII modes appear to closely correspond with the same age classes in the Slope Water (Fig. 7) although ring individuals in the Gil class are somewhat larger. In contrast, only a single size class (Gil) was present in ring D at nine months (Knorr 53). If we assume that the same population was sampled on both occasions in the Slope Water, then growth measured in terms of mean carapace length increase was most rapid in the Slope Water Gil size class averaging 0.9 mm in 90 days. Growth of the Gil class in ring D over the same interval averaged 0.1 mm. A pattern, frequently seen, of larger individuals in a population living deeper in the water column, is evident in our data (Fig. 8) . This pattern is most apparent in the Slope Water profiles of size frequency versus depth, but is also quite noticeable in ring D at six months. The pattern is due to the absence of the larger individuals near the surface; smaller individuals generally occurred throughout the water column. With the loss of GI size class in ring D at nine months, the pattern of increasing average size with depth disappeared.
The ratio of females to males ( -;--i ) also provides a contrast between the Slope Water and the ring population. Our criterion for separating sexes is based only on the presence or absence of a petasma on the first pleopod. We have not attempted to examine females for the development of thelyca. In our samples AUG. 1975 AUG. 1975 NOV. 1975 males with petasmas have carapace lengths between 3.0 and 5.0 mm while females may reach lengths up to 6.8 mm. All egg-bearing females observed were larger than the largest males. Based on the entire set of Slope Water samples in different months between 1972 and 1975, there appears to be a seasonal cycle in the sex ratios. Males approximately equal the females during the late fall and winter months and are moderately to considerably outnumbered in late spring, summer, and early fall (Table 3 ). For some of the very large ratios during the period June to August, there is a distinct possibility that some of the many small individuals encountered (some < 3.0 mm in carapace length-Figures 7 and 9) were males which had not yet developed a petasma. However, this bias cannot account for all of the differences in the ratios, for if individuals less than 3.0 mm are excluded from consideration, the pattern remains evident.
CARAPA CE LENGTH (MM)
The sex ratios of N. megalops in rings three months old are similar to the Slope Water ratios during the same season (i.e., November and February- Table 3 ). Generally fewer males are encountered in older rings. An exception to this is the 10-12 months old ring sampled in March 1974 in which a ratio of 0.8 was observed t Note that the number of individuals examined is in some cases less than the total number of individuals present in the samples, i.e., sometimes aliquots were used to estimate the numbers of males and females. In addition, R was calculated after numbers were standardized to numbers/ 1000 m• and for MOCNESS tows after depth specific samples were pooled. Thus it is possible to have an R larger than the number of individuals examined.
..... in the total of eight individuals collected. The population of N. m egalops in ring D exhibits the greatest contrast. Very few males were present in August (ring agesix months) and none were present in November (ring age-nine months) in spite of the fact that there were reasonable numbers of individuals in the collection (i.e., over 1400 inspected).
Discussion
Recent reviews of the horizontal distribution of N. megalops in the North Atlantic (Mauchline and Fisher, 1969; Gopalakrishnan, 197 4) depict it as much less well-defined with respect to particular hydrographic regimes than in other parts of its oceanic distribution in which it has been reasonably well sampled (i.e., South Atlantic, and South Paci.fie Oceans). The distribution of the sibling species of N. megalops, N. diffi,cilis, which occurs only in the North Pacific, is also portrayed as much more discrete. (We will refer to literature information about N . difficilis where possible, because these two species are so similar in morphology and have analogous geographic ranges and because there is a lack of data about the vertical distribution of N. m egalops in the Pacific.)
In part, the wider range, especially in the western North Atlantic, stems from the isolated but repeated occurrences of N. megalops throughout the Sargasso Sea. In our collections, these occurrences are related directly or indirectly to cold core rings. We strongly suspect that Sargasso Sea records reported in the literature are due to rings as well. In the material Gopalakrishnan (197 4,  Fig. 8 ) examined, for example, there was a moderate catch of N . m egalops southwest of Bermuda. The shallow temperature observations accompanying the collection (200 m BT) were interpreted by Backus et al. ( 1969) as indicating an oceanic front, however, it is equally plausible that isotherm shoaling was due to a cold core ring. The single N . m egalops taken in one of a series of collections reported by Lewis (1954) from off Florida could also have been transported there by a ring. The area North of the Bahamas and east of Florida can aptly be turned a cold core ring "graveyard" because many of the rings which have been tracked appear to coalesce with the Gulf Stream and disappear in this area (Richardson, Strong, and Knauss, 1973; Lai and Richardson, 1977) . It is our contention that in the Northwestern Atlantic the hydrographic limits of distribution of N. m egalops are much more discrete than previously realized. In this area, it appears limited to waters originating to the north of the Gulf Stream and cannot survive in waters of the Sargasso Sea. In the discussion which follows, we will consider the reasons why this might be so.
The vertical distributions of N. megalops that we have observed in the Slope Water north of the Gulf Stream are quite similar to those presented by Waterman et al. (1939, Fig. 4A ) derived from collections in the same area. Our Slope Water patterns are also consistent with those given by Baker (1970 , Tables 1 and 2)   Table 4 . A compilation of literature data on the temperature/ salinity regime and the depth of occurrence of N. mega/ops and N. difficilis.
Where enough information was given about the vertical distribution of the species, cumulative percentages versus depth were calculated for comparison with temperature and salinity data. In cases where physical and biological data were obtained from different sources, they are asterisked as follows: * = reference for biological data; * * = reference for physical data. for a population of N. megalops in the eastern Atlantic near the Canary Islands, and by Jorgensen and Matthews ( 197 5, Fig. 12 ) for a population in Korsfjorden along the west coast of Norway. Nematoscelis difficilis exhibits a similar vertical distribution (Brinton, 1962, Fig. 63a,b; 1967, Figs. 17 and 18) . In all of these areas, the bulk of the adolescent and adult population resides below the mixed layer and above 400 m both day and night, with the exception of the day collections of Baker (1970) where the day population resides between 400 and 600 m. The vertical distribution of N. megalops in the Western basin of the Mediterranean Sea appears in sharp contrast to that described above. Casanova (1970) reports that it is present between 300 and 1700 m during the day with a peak abundance at approximately 1000 m and that a fraction of the population migrates to within the surface waters ( ~ 100 m) at night.
Although Waterman et al. (1939) , Brinton (1967) and Baker (1970) also interpret their data to imply that N. megalops ( or N. difficilis) performs a diel vertical migration, most of the data, including ours, does not conclusively demonstrate that such is the case. As noted by these authors and apparent in this study, two aspects of its behavior confound this interpretation. First, N. megalops appears to exhibit strong differential day /night avoidance of sampling gear, with day catches being much smaller than night catches. Vision is thought to play an important role in this avoidance reaction (for example Brinton, 1967, p. 482) , and there is the suggestion that the ability to avoid the net during the daylight may decrease with available light ( and depth) . Thus, even if there were no diel migration, differential avoidance of this type could result in decreased catches near the surface during the daylight and the appearance of migration. As reported above, in spite of fairly obvious differential avoidance in our collections, there is little evidence for pronounced shifts in N . megalops's vertical distribution between day and night.
Second, the numbers of individuals taken in a suite of collections from a given area can be extremely variable, apparently because of swarming or patchiness.
In the face of such variability, it is difficult to extract differences in vertical distribution patterns unless there are a number of pairs of day /night profiles. This problem may be significant in the studies of Waterman et al. (1939) and Baker (1970) as they acknowledge. We have also experienced large variations in closely spaced samples which we attribute to patchiness. This source of error does not, however, appear to be of sufficient magnitude to obscure recurring patterns in our data.
Contrasting sharply with the home range vertical distribution pattern which is typical for N. megalops in a number of geographic areas, is the shift downward with time for the population in ring D. As our results illustrate, the shift closely parallels the sinking of isotherms and isohalines that occur with ring decay, giving the appearance that individuals of N. megalops were actively maintaining them-
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Wiebe & Boyd: Limits of Nematoscelis megalops: Part I 137 selves in a "preferred" temperature and/or salinity regime. The relative importance of temperature and salinity in eliciting this response is difficult to assess with our data alone. However, by using information given in previous studies, it is possible to infer that the adjustment in vertical structure in the ring was related to changes in temperature and not salinity. The data summarized in Table 4 The reverse is true of the Mediterranean Sea population which is exposed to significantly higher salinities ranging between 37.5 and 39%0 . Most individuals of N. megalops off the Canary Islands appear to live within the same salinity regime as the central portion of the Slope Water population during the day, while living in a fractionally higher (0.5-0.8%0 ) salinity regime at night. Thus, the various North Atlantic populations of N. m egalops collectively experience salinities between 34.5 to 39.0%0 . The point here is that although this species in adjusting its vertical distribution downward in ring D could be avoiding the higher than Slope Water salinities typical of the Sargasso Sea mixed layer, these salinities (~36.5%0 ) are considerably below those tolerated by the Mediterranean Sea segment of the North Atlantic population of this species. Although the circumstantial evidence is strong that vertical temperature structure is a first order factor affecting the way N. megalops distributes itself vertically across the broad oceanic areas it inhabits, it is important to consider other factors which may be important. Gilfillan (1972 Gilfillan ( , 1976 has recently discussed the relative importance of temperature and salinity to "other" factors in limiting the distribution of another species of euphausiid Euphausia pacifica. This species, endemic to the North Pacific, has a geographic range similar to N. difficilis. In a series of shipboard experiments along the California Current, Gilfillan ( 1972) demonstrated that E. pacifica could adjust to large changes in temperature and salinity of its environment. Of particular interest was the fact that the range of salinities tolerated ( down to 24%0 ) without observable stress were considerably beyond those possible for it to encounter in the oceanic areas of its range. The upper limit in temperature tolerated (~15°C) without significant stress was, however, less than those possible for it to encounter along the southern and, in the eastern Pacific, along the western parts of its range. In a second set of similarly executed experiments in the nearshore waters off British Columbia, Gilfillan (1976) found that E. pacifica's ability to withstand the stress of temperature or salinity extremes appeared to depend upon the source of the water which was experimentally manipulated. He concluded that "other" undefined water properties which related to the history of the water were responsible for the variations in susceptibility to stress. It is difficult for us, however, to see how "other" properties in this particular case can be interpreted as other than a second order effect. Without the primary stress introduced by the temperature and salinity extremes, "other" properties seemed to have a negligible effect.
There are additional factors such as light and oxygen which have been demonstrated to influence the pattern of zooplankton vertical distribution. Certainly for vertical migrators, light is of utmost importance. There are significant differences in the depth of penetration of isolume surfaces between the Slope Water and the Sargasso Sea (Lewis, 1954; Moore, 1952; Clarke and Backus, 1964) . However, as discussed above, there is little conclusive evidence that N. megalops migrates to any great extent and to suggest that the difference in vertical distribution of the ring D and Slope Water populations was due to shifts in light levels ignores the fact that the diel changes in light are orders of magnitude larger than those between the two types of water and the species does not appear to respond to the~e. Also because of the large vertical extent of the population (>300 m), portions of the population were experiencing grossly different isolume levels (at least 4 orders of magnitude).
There is an additional and more compelling reason to believe that light does not appear to be a major factor influencing N. megalops's vertical distribution during the period of this study. Secchi disc measurements made in ring D were similar in the two sampling periods (depths of approximately 33 m were obtained in the ring center on both occasions), thus indicating that the extinction coefficients of light in the upper 100 m were nearly equal. In contrast, incident radiation at the sea surface was 30% to 50% lower in the fall than in the summer due to seasonal changes in the inclination of the sun and a higher percentage of cloud cover. Given these conditions the depth of any given isolume shoaled and an organism following a particular isolume should also have shoaled if it were responding to light. Instead the depth distribution of N . mega/ops in the ring deepened.
Similarly, while very low concentration of oxygen ( < 0.2 ml/1) at mid-water depths has been strongly correlated with changes in the vertical distribution of some species of zooplankton (Banse, 1964; Bary, 1967; Longhurst, 1967) , the minimum concentrations found in the Northwestern Atlantic (~3.0 ml/ I) do not begin to approach the levels in which effects have been demonstrated.
Clearly we cannot demonstrate that there are no other factors exerting sufficient influence to cause N. mega/ops to change its vertical structure in ring D. If they do exist, however, they must be correlated with vertical temperature structure.
In a number of respects, the pattern of withdrawal from the surface waters observed in the ring population of N . megalops is similar to larger scale geographical submergence of species associated with the submergence of water masses. For example, a close association between the planktonic polychaete worm Poeobius meseres and the Subarctic Water Mass in the North Pacific was described by McGowan (1960) . Within the major portion of its home range, P. meseres was typically most abundant between 150 to 300 m, while in sampling south along the California Current the species was only caught in nets which were fished at progressively deeper depths (to greater than 1000 m south of 20N) in the submerging Subarctic Water. The series of vertical profiles presented by Omori (1967) clearly illustrates that the vertical and horizontal distribution of the copepod, Calanus cristatus, also appears strongly related to the distribution of Oyashio Water. In this case, submergence is initiated when the waters of the Kuroshio and Oyashio currents mix off the Island of Hokkaido (latitude 40-42N). South of this region along the eastern side of the Island of Honsyu, both the Oyashio Water and C. cristatus are found at successively deeper depths (down to 1900 m) whereas in the northern part of its range it lives near or in the surface waters. The most southerly published record of C. cristatus in this area is 28N.
Other features associated with the submergence are that P. meseres and C. cristatus both decrease in abundance with distance from their home range along the path of the submerging water mass. This parallels the pattern we generally see occurring with time in the ring N. megalops population. Evidence is also presented that indicates the submerged individuals, like the ring N . megalops, were living under unfavorable conditions. Omori ( 1967, p. 529) states that C. cristatus " .. .. were thin, almost transparent, and their stomachs were empty" and McGowan (1960) describes P. meseres in the southern extreme of its range, as although larger than average, frequently having degenerate viscera and missing gonads. The data presented by Boyd, Wiebe and Cox (1977) provide a picture of the ring populations being physiologically stressed by the environmental changes associated with ring decay. In contrast with Slope Water individuals, individuals of N. m egalops in Ring D at age 9 months had significantly lower respiration rates, total body lipids and proteins (as indicated by reduced carbon and nitrogen).
S. Summary and conclusions
It is now possible for us to postulate that the hydrographic limit of distribution of N. megalops in the Northwestern Atlantic results from an interaction between the behavior of the species and temperature, and the effect that this interaction has on its nutritional status and reproductive capacity. Although we find individuals in this geographical region living within a rather broad range of temperatures and salinities, a significant fraction (50% or greater) of the adult population [36, 1 is found in a much more restricted regime centered about 10°C. Our data suggest that in order for the population to grow and reproduce, the preferred regime must be close enough to the surface to permit adequate food concentrations and feeding opportunities. Even with the gradual warming, increasing salinity, and reduction in the standing stock of plankton biomass of the surface waters which is associated with the process of ring decay, there is no evidence that N. megalops acclimates to the change. Instead, this species remains bound to the preferred regime, and, as will be described by Boyd, Wiebe and Cox (1978) , its physiological and biochemical condition declines. The season during which a ring is formed may be an important factor in determining whether successful recruitment to the initial expatriated population occurs. The N. megalops population may be able to produce young during the first three to perhaps six months of ring existence especially if ring formation took place during the Slope Water spawning period. However, in the later months growth and reproduction cease, largely, we believe, as a result of the deteriorated nutritional condition of the females and the drastic reduction of mature males. After one or two generations the expatriated population appears to become extinct.
We conceive of this process as taking place much more rapidly across the narrow faunal boundary constituted by the width of the Gulf Stream. Here in the space of 30 to 60 nm, the preferred regime undergoes an abrupt vertical change dropping from between 100 to 200 m in the Slope Water to below 800 m in the Sargasso Sea. Individuals transported across the Gulf Stream would probably have even less opportunity to acclimate to the radically different conditions of food size and concentration, species composition, as well as to the gross physical changes in temperature, salinity, etc., and it is possible that their demise could take place in a matter of days to weeks.
